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[57] ABSTRACT

An air brake system having a brake application valve
controlling a relay valve by pilot pressure. A wheel
lock control portion includes a valve for venting a
relay valve pilot chamber upon actuation of a solenoid
valve during antiskid operation of the system. A sup-

- ply pressure restrictor mechanism, held inactive dur-

ing normal conditions, operates upon closure of the
solenoid valve to restrict the supply of pressure from
the pressure source to the relay valve supply port In
order to permit a slower brake re-application rate

~ upon skid control termination. The pressure restrictor

mechanism is returned to its normally inoperative

~ state upon release of the brake application valve.

2 Claims, 4 Drawing Figures

_ e %
- S5+ |ELECTRONIC [ 1
T - ' "E.& | |CONTROL |
BRAKE | 16 — | — =
APPLICATION [— = - —
7 7| " j ...di a‘a‘
‘suPPLY |\ | \m}”'* . ;g j/ ;y S \
TANK ) ll."' . 1 ] '
- \ - RELAY VAI_V_.—_, /4
77z |




U.S. Patent March 2, 1976  Sheet 1 of2 3,941,428

/0 1%l //Z B~
VA
BRAKE '
/ APPLICATION [f—

VALVE

A

%4

y \}_‘ )‘}. . S S




U.S. Patent March 2, 1976 Sheet 2 of 3,941,428

10 T s




AIR BRAKE WHEEL LOCK CONTROL VALVE
MECHANISM -

The invention relates to an air operated and con-' 3
trolled brake system of the type used in trucks. It is a
feature of the invention that normal brake applrcatlon
and release when no wheel lock is eminent occurs in
accordance with a pilot pressure acting upon a relay
valve to control a supply pressure for operating the 10
wheel brakes, while the rate at which the operating
pressure can be provided during wheel lock control
operation is set at a lesser. rate through a restrlctor'_
mechanism controlled by the pilot pressure through a
restriction and by release of the pilot pressure in the 15
relay valve upon release of .brake operating pressure
due to activation of a wheel lock control system. When
the system 1s operating normally, the vehicle operator
applies and releases the brake by controlling a brake
application valve which generates pilot pressures from 20
the supply pressure. The pilot pressures in turn control
the action of a relay valve, which admits the necessary
amount of operating pressure to the vehicle brake actu-
ating chambers to actuate the brakes, and releases the
operating pressure from the brake actuatlng chambers 25
when the brakes are to be released. )

The invention is embodied in a mechanlsm which
selectively controls the appllcatmn of pilot and supply
pressures to the relay valve lndependently of the vehi-
cle operator’s demand for brake operating pressure so 30
long as the operator holds the brake apphcatlon valve
in a position tending to actuate the brake system. A
solenoid operated normally open wheel lock control
valve is inserted in the pilot pressure line between the
brake application valve and the relay valve and acts 35
upon receipt of a wheel lock control signal from a leglc
control to close off pilot pressure to the relay valve and
to vent to atmOSphere that portion of the relay valve
normally receiving pilot pressure, causing the brakes to
be released. When the logic control signals that | incipi- 40
ent wheel lock no longer exists, the valve is opened to
readmit pilot pressure to the relay valve in a' controlled
manner. The system will continue to cycle in this man-
ner until there is no longer a requirement for wheel
lock control activation. A supply pressure restrictor is 4>
actuated by pilot pressure. The restrictor includes an
actuating piston having one side exposed to pllot pres-
sure from the brake application valve through a restric-
tion so that the build-up of pilot pressure acting on the

actuating piston takes place at a slower rate than would 50

occur if no restriction were provided. The other srde of
the actuating piston has a lesser effective area than the
first noted side and is connected in a less restrictive
manner to receive the same pilot pressure, if any, that
is provided to the relay valve. Therefore in..normal 55

brake operation the pilot pressure on the. smaller p:sten
area will build up at a faster rate than the pllet pressure

on the larger piston area. This, in combinatiofi with the
application of supply pressure to a plunger connected_
to the actuating piston will hold the actuating piston in 60

the inactive position so that.no restriction occurs to the
~supply pressure furnished the relay valve during normal

operation. When the wheel lock control valve has been
actuated, the pilot pressure furnished to the aetuatmg |
piston through the restrictor continues to exert a force 63
on the actuating piston, while the pilot pressure acting

on the other side of the actuating piston is vented to
atmosphere. This causes activation of the actuating
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piston, moving the plunger so that a supply pressure
thereafter furnished the relay valve can increase only at
a predetermined lesser rate than before. This condition
is maintained until - the brake application valve is re-
leased and the entire pilot pressure conduit, including
the section with the restrictor in it leading to the actuat-
ing piston, 1s reduced to atmospheric pressure. Pres-
sures acting on the piston and plunger will move the

~actuating piston back to the inactive position.

In the drawmgs

FIG. 1 1s a simplified schematic representation of a
truck air brake system having portions of the system
broken away and in section. : |

FIG. 2.is a cross section view of a portion of a supply
restrictor mechanism illustrated schematleally in FIG.
1, with parts broken away. |

FIG 3 is a cross section view of a valve assembly
including the relay valve, the wheel lock control valve,

~and the supply pressure restrictor mechamsm wrth

parts broken away and in section.
FIG. 4 is a cross section view of the valve assembly of
FIG. 3 with arrows 3—3 showing where the section

- view of FIG. 3 1s taken.

The schematic illustration of FIG. 1 shows portions
of a truck air brake system with emphasis on the inven-
tion. The brake system includes a brake pedal 10 con-
nected to operate a brake application valve 12. Air

- pressure is supplied for the system by a compressor 14
. connected through conduit 16, wet tank 18 and con-

duit 20 to the supply tank 22. Conduit 24 connects the
supply tank with the brake application valve 12. '
Portions of the system which are illustrated in me-.
chanical detail in FIGS. 3 and 4 as an assembly 26 are
outlined by a dot-dash line in FIG. 1. The truck brake
system has a pilot pressure line 28 connecting the brake
application valve 12 to the assembly 26. Line 28 con-
tinues as various passages in assembly 26 and is sche-
matically illustrated in FIG. 1 as a conduit leading 1o

~ the normally open valve 30.-The connection between

valve 30 and the relay valve 32 is illustrated in FIG. 1
as a conduit 34. The supply pressure restrictor mecha-
nism 36 is illustrated in FIG. 1 as being connected by a

branch 38 to line 28. Branch 38 leads to a chamber 40
in housing 42 through a fixed restriction 44. FIG. 1 also

illustrates a conduit 46 leading from the relay valve 32

to chamber 48 of housing 42. A conduit 50 connects
with the inlet 52 of the supply pressure restrictor mech-
anism 36 and a conduit 54 connécts the outlet 56 of
mechanism 36 with the relay valve 32.

The normally open valve 30 has a pilot pressure inlet
58,a pllot pressure outlet 60, and an atmospheric vent

62. A valve operating solenoid 64 is normally deener-

gized 'so that valve 30 provides a connection between
inlet 58 and outlet 60 while closing vent 62. When the
solenoid 64 is energized, valve 30 is actuated to close

mlet 58 and connect outlet 60 with vent 62.
The relay valve 32 has a pilot pressure inlet 66 to

' ;‘h"which conduit 34 is CDnne'eted a pilot pressure outlet

68 to which conduit 46 is connected, and a supply
pressure inlet 70 to which conduit 54 is connected. The
valve is illustrated as having delivery outlets 72 and 74

- which are respectively connected to conduits 76 and
78. These conduits are in turn respectively connected

to brake actuating chambers 80 and 82, which respec-
twely actuate wheel brakes 84 and 86.

The system of FIG. 1 is also schematically illustrated
as having an electronic control 88 which is part of a

wheel lock control system. As is well known in the art,
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suitable sensors (not shown) are provided to sense
wheel deceleration and acceleration, and the electronic
control acts as a logic control to generate signals which
selectively energize and deenergize solenoid 64 in ac-
cordance with the braking requirements of the wheel
lock control logic.

The supply pressure reStrlctor mechamsm 36 is sche-
matically illustrated as being contained in housing 42

with two parallel passages 90 and 92 connecting the
inlet 52 and the outlet 56. In normal brake operating

LA
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conditions wherein the wheel lock control system i1s not

active the full supply pressure provided at inlet 52
passes through passages 90 and 92 to outlet 56 with
substantially no restriction. It will be recognized how-

ever that if passage 90, for example, is closed, there will
be a restriction to the transmission of supply pressure
so that a build-up in brake operating pressure in brake
actuating chambers 80 and 82 under control of the
relay valve 32 can occur only at a slower rate than if

there were no such restriction. The restrictor mecha-

nism accomplishes this upon actuation of the wheel
lock control system. The restrictor mechanism includes
a piston 94 reciprocably mounted in housing 42 so that
chamber 40 is on one side thereof and chamber 48 1s on
the other side. A plunger 96 extends through chamber
48 and a bore 98 in housing 42, with the end 100 of the
plunger being exposed to supply pressure in passage 90.
The plunger is so positioned that when it moves down-
wardly as seen in FIG. 1 it will substantially close off
passage 90. The effective area of piston 94 exposed to
chamber 40 is greater than.the effective area of the

piston exposed to chamber 48 due to the area.of
- plunger 96 which is not exposed to chamber 48. As will
~ be further described below, the generation of pilot

 pressure in line 28 will cause a build-up of pressure in

chamber 40 through restriction 44. However, in normal
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supply inlet 52 therein, to which conduit 50 1s con-
nected leading to parallel passages 90 and 92. Passage
90 is intersected by bore 98. Passages 90 and 92 con-
nect with outlet 86, which i1s in turn connected with
inlet 70 of the relay valve through passage 54. Passage
54 is schematically illustrated in FIG. 1 as a conduit.
The relay valve includes a cylinder 104 having a piston
106 reciprocably mounted therein with a seal 108 on
the outer periphery of the piston and dividing cylinder
104 into chambers 110 and 112. A spring 114, located
in chamber 110, urges piston 106 in a direction tending
to increase the volume of chamber 110 while decreas-

“ing the volume of chamber 112. A centrally disposed

annular wall 116, formed as a part of piston 106, opens
radially within and inwardly spaced from an annular
valve seat 118 located on a part of the housing wall

~ defining chamber 110. Another valve seat 120 is lo-
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~ brake operation pilot pressure also passes substantially

“without restriction into chamber 48 through valve 30,
conduit 34, relay valve 32, and conduit 46. Therefore
. pressure builds up at a faster rate during brake applica-
tion in chamber 48 than in chamber 40, and this pres-
sure together with supply pressure acting on the
plunger end 100, keeps the piston and plunger in the
inactive position shown in FIG. 1. When the wheel lock
control actuates valve 30, pilot pressure continues to
be exerted in chamber 40, urging piston 94 down-
~wardly. However chamber 48 is vented to atmosphere
because valve 30 vents conduit 34 to atmosphere
through vent 62. The pressure in chamber 40 acting
_ over a larger effective area of piston 94 overcomes the
~ force exerted by the supply pressure acting on plunger

40

45
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end 100, moving the piston and plunger downwardly to

B .substantlally close passage 90. The plsten and plunger'

~are held in this position until pressure is released in
~chamber 40 by release of the brake application valve
12 so that pilot pressure in line 28 is vented to atmo-

. sphere. In this condition pressures acting on piston 94

and plunger end 100 will move the piston 94 and
~ plunger 96 upwardly to again open passage 90 as ex-
‘plained below in greater detail.

‘The assembly 26 shown in FIGS 3 and 4.includes the
normally open wheel lock control valve 30, the relay

valve 32, the restrictor mechanism 36, and various
passages and conduits connecting them. The relay
valve is shown in FIG. 3, together with some connec-
tions to other portions of the assembly. The normally
open solenoid operated valve and the restrictor mecha-
nism are shown in FIG. 4. The housing 102 has the
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cated on the end of wall 116. A passage 122 maintains
continuous fluid connection between chamber 110 and
a delivery port 72. Delivery port 74 is also similarly
connected with chamber 110, but is not seen in the
cross section views. A stepped bore 124 is positioned
coaxially with annular seat 118 and is larger in diame-
ter than the seat. An exhaust valve body 126 is retained
in position in the open end of bore 124 by snap ring 128
and has a seal 130 adjacent its outer periphery to pro-
vide a seal between the exhaust valve body 126 and
bore 124. A cylindrical wall section 132 of exhaust
valve body 126 extends toward seat 118 and has a bore
134 receiving an annular modulation tube 136 in recip-
rocal and sealing relation. A radially extending flange
138 on one end of tube 136 prowdes a mount for a
seal-like valve 140. This valve is axially aligned so as to
be engageable in sealing relation with valve seats 118
and 120. When piston 106 is in the position illustrated,
in which the brakes are released, seat 120 is axially
spaced from valve 140 and the valve is in sealing en-
gagement with seat 118. The inner portion of tube 136
is connected to atmosphere through restrictive atmo-
spheric vents 141, These vents are covered by a dust
seal 142 which provides substantially no Testriction to
air flow outwardly through vents 62. A spring 144 fits

“about cylindrical wall section 132 with one end acting

on the exhaust valve body and the other end acting on
the modulation tube flange 138 so that valve 140 1s
continually urged toward valve seats 118 and 120.
Chamber 112 is connected with the relay: inlet port 66
and outlet port 68 so that pilot pressure delivered to the
relay valve through cendmt 34 is recewed in chamber
112.

The solenoid assembly 64 and the normally open
valve 30 are best illustrated in FIG. 4. They are posi-

tioned in a stepped bore 146. The inner end of the bore

provides the inlet 66 which receives pilot pressure from

‘the valve through the passage 34. This passage is sche-

matically illustrated as a conduit in FIG. 1. The valve

30 is formed as a cartridge assembly and includes a
‘retainer or housing 148 fitted in the portmn of bore 146

adjacent inlet 66. The retainer 148 is generally annular
and has three spaced lands 150, 152, 154 on its outer

periphery. The groove between lands 150 and 152
forms a chamber 156, and the groove between lands

152 and 154 forms another chamber 158. Chamber
156 is connected with the atmospheric vent 62, 1llus-
trated in FIG. 4 as a port. Vent 62 opens through an air
filter as better seen in FIG. 3. Chamber 158 is con-
nected with the valve inlet port 58, which in turn is
connected with the pilot pressure line 28 as schemati-
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cally illustrated in FIG. 1. The pilot pr'e's'sure line

branch 38 is formed in part by a cored chamber and in
part by an internal passage which leads to chamber 40.
The fixed restriction 44 is provided in branch 38.
Chamber 158 is connected through a flow passage 160
formed in retainer 148 to a chamber 162. This chamber
is an enlarged portion of a bore 164 in which a spool
valve 166 is reciprocably mounted. The valve is pro-
vided with a large center land 168, a somewhat smaller
land 170 extending into the closed end of bore 164 so
that chamber 162 is between lands 168 and 170, and
another smaller end land 172 which 1s reciprocably
received in a bore 174 formed in a valve retainer 176.
This retainer is annular and is threaded into an en-
larged portion of bore 164 so that its bore 174 is axially
aligned with the portion of bore 164 receiving land
170. A valve seat 178 is formed by a portion of the wall
of bore 164 adjacent chamber 162 and engageable with
the beveled side 180 of land 168. The other beveled
side 182 of land 168 is similarly engageable with an-
other valve seat 184 formed at the end of retainer bore
174. Valve 166 is axially recessed near land 170 to
receive compression spring 186 so that the spring con-

tinually urges land beveled side 182 toward seat 184.

This is the release or open position illustrated in FIG. 4.
[t can be seen that inlet port 58 is connected with outlet
60 through flow passage 160, chamber 162, and the
open valve section 178 and 180. Similarly, the atmo-
spheric vent 62, connected through chamber 156 and a
flow passage 188 to a chamber 190 in bore 174 and
between lands 168 and 172, is closed off relative to
inlet port 58 and outlet 60 by the seating of land side
182 on seat 184. The end of valve 166 in bore 174 has
a face 192 positioned adjacent the solenoid pole piece
194 of the solenoid assembly 64. The solenoid assem-
bly has an armature 196 reciprocably mounted in the
bore 198 of the coil assembly 200. Armature 196 has a
groove 202 extending circumferentially about a portion
so that an inwardly turned end 204 of a clip 206
mounted in bore 198 limits the amount of axial move-
ment of the armature. The clip extends axially so that
another inwardly turned clip end 208 fits within a simi-
lar groove 210 formed in pole piece 194 to similarly
limit axial movement of the pole piece. A bore extends
through pole piece 194 and armature extension 212
passes therethrough, with the end thereof engaging
face 192 of valve 166. Groove 214, formed about the
end of pole piece 194 adjacent the valve retainer 176,
receives one end of a spring 216 so that the spring urges
pole piece 194 into abutting end engagement with re-
tainer 176. The solenoid assembly has a retainer 218
secured in the open end of bore 146 to hold the assem-
bly in place. The electrical wires 220 are connected to
the coil assembly 200 through an aperture provided in
retainer 218. These wires connect the solenoid coil
‘assembly to the electronic control 88 as schematlcally

illustrated in F1G. 1.

The supply pressure restrictor mechamsm 36 is also

illustrated in FIG. 4. A retainer 222, secured in the

open end of bore 224 in which piston 94 is reciprocably
mounted, closes one end-of chamber 40. Suitable seals

226 and 228 are provided to seal retainer 222 and
piston 94 relative to the wall of bore 224. The bottom
of bore 224 has an annular seat 230 formed thereon
and engageable with the piston face seal 232. Port 46
so opens into chamber 48 that when seal 232 engages
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chamber 48. The plunger 96 has a seal 234 on 1t so that

it is sealed relative to bore 98.

The assembly 26 1s shown In FIGS 3 and 4 in the
brake released position, with the brake application
valve released and generating no pilot pressure, and
normal supply pressure available. When the vehicle
operator actuates the brake pedal 10 to cause the brake
application valve 12 to generate pilot pressure in line
28, the pressure is transmitted in a substantially unre-
stricted manner through inlet 58, flow passage 160,
past valve elements 178 and 180, through outlet 60 and
passage 34, to inlet 66 of the relay valve. This inlet 1s
connected to chamber 112 so that the pilot pressure
acts on piston 106 in Opposmon to spring 114. Atmo-
spheric pressure exists in chamber 110 since valve 140
and valve seat 118 are closed, preventing supply pres-
sure from inlet 52, passages 90 and 92, passages 54 and
56, and relay valve inlet 70, from being transmitted

further. The pilot pressure actmg in chamber 112
moves piston 106 leftwardly, causing seat 120 to en-

gage valve 140 and therefore close off chamber 110
from atmosphere. This is a poised position of the relay

‘valve wherein valve 140 is seated on both seats 118 and

120. Further movement of piston 106 causes the modu-
lation tube 136 to move leftwardly as seen in FIG. 3
against the force of spring 144, lifting valve 140 from
seat 118 and controllably admitting supply pressure
from inlet 70 into chamber 110 and then out through
delivery ports 72 and 74 to the brake actuating cham-
bers 80 and 82. Thus the brakes'are actuated by an
operatmg pressure generated from the supply pressure
in an amount controlled by the amount of pilot pres-
sure exerted on piston 112 and at an apply rate of
increase permitted by the supply pressure and the oper-
ation of valve 140 relative to valve seat 118. The valve
will return to its poised p051tlon when the operating
pressure acting on p:ston 106 balances the pilot pres-
sure acting thereon. It is noted that the pilot pressure.
acts over a greater area than the operating pressure and
sprmg 114 is a light spring. Therefore the pilot pressure
is somewhat less than the Operatmg pressure when the
poised position is attained. When the operator decides |
to release the brakes, the brake application valve re-
duces the pilot pressure to atmospheric pressure, and
the operating pressure Iin chamber 110 moves piston
106 rightwardly, with modulation tube 136 following it
until valve 140 seats against seat 118. Further right-
ward movement of piston 106 opens seat 120 relative

" to valve 140, connecting chamber 110 with atmosphere

50
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seat 230, the port remains in communication with

through controlled exhaust vents 141. The brake actu-
ating chambers therefore vent their operating pressures
to atmosphere at a rate controlled by the amount of
restriction caused by vents 141.

When the brakes are initially applied as above noted,

pilot pressure is also transmitted through branch 38

and restriction 44 to chamber 40 of the restrictor
mechanism. However, chamber 48 is relatively unre-
strictedly connected by port or passage 46 to inlet 66 so
that the pilot pressure builds up more quickly in cham-
ber 48 than in chamber 40. Also, supply pressure acts
on the end 100 of plunger 96 to further urge piston 94
to stay in the inactive position shown in FIG. 4.
When the wheel lock control system senses an incipi-
ent wheel lock condition, the logic control causes the
coil assembly 200 of the solenoid assembly 64 to be

‘energized. This causes armature 196 to move right-

wardly, moving valve 166 by means of armature exten-
sion 212 rlghtwardly against the force of spnng 186 to
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open the valve formed by land side 182 and seat 184,

and close the valve formed by seat 178 and land side
180. This closes communication between inlet 58 and
outlet 60 of the normally open valve, and connects the
outlet 60 with the atmospheric vent 62. Therefore
chamber 112 of the relay valve is vented to atmosphere
and the relay valve immediately operates to vent the
brake actuating chambers 80 and 82 to atmosphere
through vents 141. This allows the wheels to begin
‘accelerating rather than decelerating, removing the
eminent wheel lock condition. The venting of relay
valve inlet 66 to atmosphere also vents chamber 48 to
atmosphere through port 46, which is connected to
inlet 66. This removes some of the pressure supporting
piston 94 in the inactive position and the remaining
pressure acting only on plunger end 100 is insufficient
to keep the pilot pressure in chamber 40 from moving
piston 94. The piston and plunger 96 therefore move
- rightwardly as seen in FIG. 4 so that the portion of the
- plunger between seal 234 and plunger end 100 closes
off passage 90. Later reactivation of the brake by re-
lease” of the wheel lock control operation, with the
brake application valve having been maintained in its
brake applying position so that pilot pressure is main-
tained in chamber 40, will not move piston 94 back to
the inactive position since the pilot pressure now acts
on an even smaller effective area of piston 94 as de-
fined by seat 230 in its engaged position with seal 232,
and there is insufficient force to move the piston in the
leftward direction. When the vehicle operator releases
the brake application valve so that no pilot pressure is
generated and the pilot pressure in line 28 returns to
atmospheric pressure, the pressure in chambers 40 and
48 return to atmosphere. The supply pressure at inlet
52 acts on the plunger end 100, either by slowly leaking

- past the plunger into the bottom of bore 98, or by a

small relief passage 236. This pressure will act to move
piston 94 and plunger 96 to the inactive position.

S0 long as the brake application valve is generating
~ pilot pressure the wheel lock control system will cycle
the brakes in accordance with signals generated by the
- logic control until wheel lock is no longer incipient.
This condition may be reached by virtue of the truck
having stopped, the tire-to-road surface adhesion hav-
ing increased, the operator having partially released the
brakes, or a combination of these circumstances.

What 1s claimed is: IR
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L. In an air brake system for an automotive vehicle,

‘said system having |
a source of supply air pressure;
a brake application valve receiving air pressure from
~ Said source and operable to generate pilot brake
apply pressures from the supply air pressure;
- anormally open solenoid closed valve having an inlet
and an outlet normally in communication with

each other, and an atmospheric vent adapted to be

- connected with said outlet with said inlet closed
when the solenoid is energized to close said valve,
said inlet receiving pilot brake apply pressure from

- said brake application valve;

~ wheel lock control means for energizing the solenoid
| while incipient wheel lock is present at a wheel

being braked;

a relay valve connected with said normally open
valve outlet for receiving the pilot brake apply
pressures passing through said normally open valve
and generating corresponding brake apply pres-
sures from the supply air pressure, said relay valve

50
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having a supply air inlet connected with said source
and a delivery outlet connected with a wheel brake
actuator; |

and a supply air restrictor for selectively restricting
air flow from said source of supply air pressure to
said relay valve supply air inlet;

the improvement comprising: ,

a continuously open restrictive flow conduit receiv-
ing pilot brake apply pressures from said brake
application valve and a relatively less restrictive
flow conduit connected fluidly intermediate said
normally open valve outlet and said relay valve;

sald supply air restrictor including a power wall and
plunger having one power wall side connected to
said restrictive flow conduit and the other, lesser
effective area, power wall side connected to said
relatively less restrictive flow conduit and a plunger
end exposed to supply air pressure;

whereby when said normally open valve is open and
the brake system is actuated to apply the brake,
pressure builds up at a slower rate on said power
wall one side than on said power wall other side to
hold said restrictor inactive, and when said nor-
mally open valve is closed to connect said normally
open valve outlet to atmosphere and so vent said
power wall other side to atmosphere, said restrictor
s activated and thereafter held activated until pres-
sure on said power wall one side is vented to atmo-

sphere by release of the brake application valve.

2. In an air brake system for an automotive vehicle,
said system having
a source of supply air pressure;

a brake application valve receiving air pressure from

“said source and operable to generate pilot brake
apply pressure from the supply air pressure;

a normally open solenoid closed valve having an inlet
and an outlet normally in communication with
each other, and an atmospheric vent adapted to be
connected with said outlet with said inlet closed
when the solenoid is energized to close said valve,
said inlet receiving pilot brake apply pressures
from said brake application valve; '

wheel lock control means for energizing the solenoid
while incipient wheel lock is present at a wheel
being braked;

a relay valve connected with said normally open
valve outlet for receiving the pilot brake apply
pressure passing through said normally open valve
and generating corresponding brake apply pres-
sures from the supply air pressure, said relay valve
having a supply air inlet connected with said
source, a delivery outlet connected with a wheel
brake actuator, and an exhaust outlet selectively
connected in fluid communication with said deliv-
ery outlet to release brake actuating pressure from
the wheel brake actuator; .

and a supply air restrictor for selectively restricting
air flow from said source of supply air pressure to
said relay valve supply air inlet;

the improvement comprising:

a continuously open restrictive flow conduit receiv-
ing pilot brake apply pressure from said brake ap-

plication valve and a relatively less restrictive flow
conduit connected fluidly intermediate said nor-
mally open valve outlet and said relay valve;
said supply air restrictor including a power wall and
- plunger having one power wall side connected to
said restrictive flow conduit with a predetermined
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effective area exposed to air pressure delivered
thereto through said restrictive flow conduit and
the other power wall side having a lesser predeter-
mined effective area with said other power wall
side connected to said relatively less restrictive

flow conduit and a plunger end exposed to supply

air pressure;

whereby when said normally open valve is open and
the brake system is actuated to apply the brake,
pressure builds up at a slower rate on said power
wall one side than on said power wall other side to
“hold said restrictor inactive, and, when said nor-
mally open valve is closed to connect said normally

10
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~ open valve outlet to atmosphere and so vent said

power wall other side to atmosphere, said restrictor
is activated and thereafter held activated until pres-
sure on said power wall one side is vented to atmo-
sphere by release of the brake application valve,

said relay valve exhaust outlet acting as a flow
restriction to release of brake actuating pressure

from the wheel brake actuator, when said relay
valve delivery outlet is disconnected from said
relay valve supply air inlet and connected with said
relay valve exhaust outlet, to establish a predeter-

‘mined maximum brake release rate.
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